Introduction {#S5}
============

Childhood obesity rates in the United States have doubled in the last 30 years^[@R1]^. Maternal obesity increases offspring risk for childhood obesity^[@R2],\ [@R3]^, and up to 60% of U.S. women of childbearing age are overweight or obese^[@R4]^. Rapid and excessive infant weight gain over the first 6-months of life is a strong predictor of later obesity^[@R5]--[@R8]^, when infants typically double their percentage of body fat (% BF)^[@R5]^. Exclusive breastfeeding protects against excessive infant weight gain and lowers risk of childhood obesity^[@R9]--[@R12]^, but the mechanisms driving infant adipose deposition remain unclear and the degree of protection is influenced by maternal BMI^[@R13]--[@R15]^. Maternal pre-pregnancy BMI consistently associates with childhood overweight^[@R16]^, maternal diet strongly influences breast milk composition^[@R17]^, and both affect the fatty acid (FA) composition of human milk (HM)^[@R18]^. Accordingly, the variation in FA composition of HM may partially explain inconsistent protective effects of breastfeeding against excessive infant adipose deposition.

It is well established that adipose tissue expansion occurs through lipid filling of existing adipocytes (hypertrophy) and by increasing the population of resident adipocyte precursor cells (hypertrophy)^[@R19]^. Polyunsaturated FA (PUFA) are bioactive HM components contributing to the regulation of adipogenesis^[@R20]^, and the relative amount of n-6 to n-3 PUFA (n-6/n-3) present in HM has substantially increased in the United States over the last three decades^[@R17],\ [@R20]^. Functionally, excess n-6 FA activates adipogenesis in adipocyte culture and drives adipose tissue expansion in rodents^[@R21]--[@R24]^. In mice, maternal n-6 FA consumption in the perinatal window increases n-6 FA transmission to offspring, raises adipose tissue arachidonic acid (AA), and stimulates pathways implicated in adipose expansion in offspring and across generations^[@R22],\ [@R23],\ [@R25],\ [@R26]^. Lowering the n-6/n-3 FA ratio in mice, by maternal expression of the n-3 FA desaturase transgene (*fat-1*) or through perinatal dietary manipulation, protects the offspring from adult obesity^[@R22],\ [@R27],\ [@R28]^. Thus, *in vivo* evidence supports a direct role for n-6 FAs to drive offspring adipose tissue expansion during postnatal development^[@R21],\ [@R23],\ [@R24]^.

The impact of a high n-6/n-3 HM FA ratio on infant adipose deposition during gestation and lactation is less clear. An increase in HM n-6/n-3 FA ratio has potential to contribute to childhood obesity risk, similar to prenatal exposures for which a higher cord plasma n-6/n-3 was associated with risk of childhood adiposity at 3 years of age^[@R29]^. The present study utilized air-displacement plethysmography to assess infant adiposity. Quantitative lipid mass spectrometry was used to identify HM FA composition differences present in transitional milk (as secretory activation commences) and in established milk (following sustained breastfeeding) of normal-weight (NW), overweight (OW), and obese (OB) mothers. We hypothesized that perinatal exposures to elevated n-6/n-3 FA, whether driven by maternal obesity or diet, would associate with infant adipose deposition over the first 4-months of life.

METHODS {#S6}
=======

Participants {#S7}
------------

All participants were recruited and consented during pregnancy. The Colorado Multiple Institutional Review Board (COMIRB) approved all aspects of this study. Clinical trial registry number is NCT01693406. To be eligible, women needed to have a prepregnancy BMI ≤ 40 kg/m^2^, be carrying a singleton fetus, have the intention to exclusively breastfeed for at least 4 months, and be otherwise healthy. Women were excluded if they developed gestational diabetes or delivered their infant \<37 weeks of gestation. Women were recruited into this study via two separate protocols. One protocol did not include maternal blood collection, and thus blood-based measurements were not performed on a subset of participants (*n* = 16). Maternal prepregnancy BMI was based on self-report of prepregnancy weight and height using standard BMI categories \[normal weight (NW n = 26) 18.5--25, overweight (OW n = 12) = 25.1--30, and obese (OB n = 10) = 30.1--40\]. Infant sex, birth weight, mode of delivery, and maternal gestational weight gain (GWG) were obtained from medical records. Women were classified as either inadequate, adequate, or excessive according to the IOM recommended GWG categories that are specific to each BMI category^[@R30]^.

Sample Collection {#S8}
-----------------

Mother/infant dyads were assessed at 2-weeks and 4-months postpartum. Visits occurred in the AM hours. Fasted (≥8 h) maternal venous blood and a mid-feed HM sample were collected. For HM, approximately halfway through a nursing session (estimated by the mother based on normal feeding time, sensation of milk removal, and breast softening), the infant was removed, nipple and areola wiped clean, and \~20 mL of HM was expressed by hand pump (One-Hand Manual Pump, Ameda, Buffalo Grove, IL). Milk was immediately placed on ice, transported back to the laboratory, and aliquots of whole milk stored at −80 °C until analysis.

During visits, mothers were administered a modified version of the Infant Feeding Practices II questionnaire that queries infant feeding practices and exclusivity over the preceding 7 days^[@R31]^. From this questionnaire, breastfeeding exclusivity calculated at each visit was expressed as a decimal (1.0 = exclusive breastfeeding, 0.0 = exclusive formula feeding). Mothers self-reported use of fish oil and any other dietary supplements. Infant weight and percentage body fat (%BF) were measured in duplicate by air-displacement plethysmography (PEA POD™; COSMED, Chicago, IL) at 2-weeks and 4-months postpartum.

HM total lipid extraction {#S9}
-------------------------

Milk was briefly thawed at 37 °C, mixed well by inversion, and 50 µL was added to 200 µL of potassium phosphate buffer pH 7.0, then 400 µL of methanol was added and samples were vortexed vigorously. Total lipid extraction was performed as previously described^[@R32]^ with the following modifications. A 3:1 (vol/vol) isooctane/ethyl acetate solution was used to extract the milk fat and the samples were resuspended in 500 µL of isooctane. Percentage of fat was measured by creamatocrit, and fat g/L was estimated using the following approximation: g/L = (creamatocrit \[%\] -- 0.59) / (0.146)^[@R33]^.

Quantification of milk triglyceride {#S10}
-----------------------------------

Twenty-five µL of isooctane-suspended total milk lipid was evaporated to dryness, samples were resuspended in 200 µL dichloromethane containing 15 µL of a 10% nonaethylene glycol monododecyl ether (Sigma-Aldrich, St. Louis, MO) dissolved in dichloromethane (wt/vol). Samples were incubated for 5 min at 25 °C and taken to dryness at 40 °C for 25 min ensuring organic solvent was completely evaporated. Pellets contained triglyceride (TAG)/nonionic surfactant complexes, to which 200 µL of ultrapure water was carefully added without mixing and incubated at 40 °C for 10 min, followed by a gentle vortex. A standard regression curve 20, 10, 5, 2.5, 1.25, 0.625, and 0.3125 nmol was prepared from 80 nmol tripalmitin (Sigma-Aldrich) incubated with 25 µL of 10% nonaethylene glycol monododecyl ether, incubated, dried and resuspended in 100 µL of ultrapure water as above. Total TAG from the organic fraction was quantified using a modified colorimetric assay^[@R34]^ and expressed as mM concentrations. TAG Reagent and Free Glycerol Reagent (Sigma-Aldrich) were diluted according to the manufacturer's instructions.

Human RBC lipid extraction {#S11}
--------------------------

Maternal blood samples were collected into EDTA tubes and spun at 10,000 × g to separate plasma from RBCs. RBC were washed three times using 5 mL of sterile saline solution, collected by centrifugation, and saline was decanted before 500 µL of RBCs was transferred into cryovials and stored at −80 °C. RBCs were thawed on ice, mixed thoroughly by inversion, and 30 µL was added to 400 µL of ultrapure water containing stable isotope internal standards. One mL of HPLC grade isopropyl alcohol was added, samples were vortexed vigorously, and incubated at 27 °C for 10 min. Five hundred µL of dichloromethane was added, samples were vortexed vigorously, and incubated at 25 °C for 5 min. An additional 500 µL of dichloromethane was added and samples were vortexed. To complete phase separation, 500 µL of ultrapure water was added, samples were vortexed and incubated at 25 °C for 5 min before centrifugation at 300 × g for 10 min. FA results were normalized per mg of protein measured by Bradford assay.

HM and RBC FA quantification by GC/MS {#S12}
-------------------------------------

The volume of organic extract representing 5 nmol of TAG in HM (equal TAG loading), or the 100 uL of total extracted maternal RBC lipid (above), containing 500 ng of internal stable isotope standards was saponified, extracted, and derivatized as previously described^[@R35]^. Pentafluorobenzyl FA esters were resuspended in 200 µL of hexane and diluted 1:10 into hexane for injection. Sample analysis was performed according to Rudolph and coworkers^[@R35],\ [@R36]^. The total n-6/n-3 FA ratio was the quantitative sum of all n-6 divided by the sum of all n-3 FAs, and the AA/eicosapentaenoic acid (EPA)+DHA ratio was the 20:4 n-6 divided by the sum of 20:5 n-3 plus 22:6 n-3.

Statistical analyses {#S13}
--------------------

Differences in participant characteristics by maternal BMI group were identified using one-way ANOVA with Tukey multiple testing correction. Differences in HM and RBC FA compositions between maternal BMI groups (NW vs. OW vs. OB) within transitional or established HM were identified using one-way ANOVA with Tukey multiple testing correction and plotted as the mean and s.e.m. Pearson correlation analysis was used to test correlations between the maternal prepregnancy BMI and FA ratios in HM or RBCs at 2-weeks and 4-months.

Multivariable linear regression evaluated two primary outcomes of infant adipose deposition between 2 weeks to 4 months: 1) the change in absolute fat mass (Δ-fat mass in g) and 2) the change in body fat percentage (Δ-%BF). The 2-week and 4-month FA ratio in HM considered as a predictor was the AA/DHA+EPA ratio. Models tested whether the AA/DHA+EPA ratio in HM predicted each infant outcome. GWG category, maternal prepregnancy BMI, infant sex, maternal use of fish oil supplements, birth weight, and breastfeeding exclusivity were retained as covariates due to their biological association with the outcome of infant adiposity. Statistical analyses were conducted using SPSS statistical software (IBM SPSS Statistics for Windows, Version 22.0 released 2013, Armonk, NY). GraphPad Prism was used for graphical presentation of data (version 6.0h for Mac, GraphPad Software, La Jolla California USA).

Results {#S14}
=======

Participant characteristics {#S15}
---------------------------

Forty-eight mothers participated and ranged from 20 to 36 years old ([Table 1](#T1){ref-type="table"}). Fifty-four percent of the cohort were NW, 25% were OW and 21% were OB. No group differences in maternal age, mode of delivery, parity, or gestational age were observed. NW group mothers had a gestational weight gain (GWG) of 14.3 ± 0.9 kg, while the OW group tended to be higher (16.7 ± 1.8 kg) and the OB group tended to be lower (12.5 ± 2.4 kg), but neither group was significantly different from the NW group. At 2-weeks postpartum, infants in the OW group were significantly heavier those in the NW group (*P* = 0.022), and by 4-months, infants in the OW group were significantly heavier than those in the NW and OB groups (*P* \< 0.001 and 0.03, respectively). There were no group differences in percent body fat (%BF) at 2-weeks and 4-months controlling for infant sex. Infants from OW mothers demonstrated greater overall weight gain from 2-weeks to 4-months, controlling for infant sex, relative to NW and OB groups (*P* = 0.036). The Infant Feeding Practices II scores for breastfeeding exclusivity were not different among groups (\>98% exclusivity, [Table 1](#T1){ref-type="table"}). By 4-months there was a non-significant trend for lower breastfeeding exclusivity in the OB group relative to the NW group (*P* = 0.16).

Maternal Obesity increases AA/DHA+EPA ratio but decreases DHA levels in HM {#S16}
--------------------------------------------------------------------------

It is well established HM composition is dynamic over time, being dependent in part on stage of lactation^[@R37]--[@R40]^. Specifically, the fatty acid composition of breastmilk has been shown to differ by lactation stage^[@R41],\ [@R42]^, thus, samples included transitional (2-weeks) and established milk (4-months) to identify changes due to maternal obesity at each point individually. Transitional HM was not different in TAG amount, but in established HM the OW group had significantly greater TAG than did the NW and OB groups (*P* = 0.048 and 0.01) ([Figure 1A](#F1){ref-type="fig"}), which was consistent with percentage of milk fat creamatocrit values (not shown). Transitional HM had an AA/DHA+EPA ratio 30--33% lower in the NW group than that observed in OW and OB groups (*P* = 0.04 and 0.05) ([Figure 1B](#F1){ref-type="fig"}), however, the AA/DHA+EPA ratio in the NW group was lower than in the OB group in established HM (*P* = 0.02). The absolute amount of AA (20:4 n-6) present in the OW transitional HM was 1.6-times greater relative to the OB group (*P* = 0.004), but no differences were observed in the level of AA in established HM ([Figure 1C](#F1){ref-type="fig"}). The absolute amount of DHA in transitional HM was 43% higher in the NW group than in the OB group (*P* = 0.008), while the OW group had DHA amounts in between NW and OB groups ([Figure 1D](#F1){ref-type="fig"}). This pattern persisted as the absolute DHA amount in established HM was 65% greater in the NW group than in OB (*P* = 0.005), with the mean amount of the OW group between that of the NW and OB groups. Quantitative amounts of EPA were not significant among groups in either transitional or established HM. The quantitative amount of medium chain fatty acid (MCFA) was significantly increased in the OW group (*P* = 0.035) and significantly decreased in the OB group (*P* = 0.005) relative to the NW group ([Figure 1F](#F1){ref-type="fig"}), however, the quantity of MCFA in established HM was not different (see [Supplemental Table 1](#SD1){ref-type="supplementary-material"} and [Supplemental Table 2](#SD2){ref-type="supplementary-material"} for all quantitative HM FA data).

Given the differences observed by group in transitional and established HM, we investigated maternal RBC composition as a well-established marker of long-term maternal dietary fatty acid intake^[@R43]^. At 2-weeks postpartum, the AA/DHA+EPA FA ratio in OB maternal RBCs was 1.5-fold higher than that in the NW group (*P* = 0.007) ([Figure 2](#F2){ref-type="fig"}). No difference was observed for the OW group, despite the greater AA/DHA+EPA FA ratio present in the OW group's transitional HM. The absolute amount of AA in the RBCs of the OW group at 2-weeks postpartum was 21% greater than that detected in the NW group RBCs (*P* = 0.031), with no difference observed between NW and OB groups ([Figure 2](#F2){ref-type="fig"}). At 4-months postpartum, the FA composition of maternal RBCs did not differ significantly among prepregnancy BMI groups, except for EPA that was decreased 34% in the OB relative to the NW groups (*P* = 0.04).

Prepregnancy BMI positively correlates with HM AA/DHA+EPA ratio {#S17}
---------------------------------------------------------------

For all women (n = 48), prepregnancy BMI was moderately and significantly correlated with the AA/DHA+EPA ratio in both transitional and established HM (*P* = 0.018 and *P* = 0.001) ([Figure 3A](#F3){ref-type="fig"}). The same was observed for the total n-6/n-3 FA ratio in transitional (*P* = 0.019) but not established HM (Supplementary Figure 1A). Maternal prepregnancy BMI was also moderately and significantly correlated with the AA/ DHA+EPA ratio of maternal RBCs at 2-weeks (*P* = 0.004) but not 4-months postpartum ([Figure 3B](#F3){ref-type="fig"}), and the total n-6/n-3 FA ratio was not correlated with BMI at either time (Supplementary Figure 1B). The HM AA/DHA+EPA ratio was strongly and positively correlated with the maternal RBC AA/DHA+EPA ratio at 2-weeks (*P* = 0.0001), and 4-months postpartum (*P* = 0.0001) ([Figure 3C](#F3){ref-type="fig"}). Overall, as maternal prepregnancy BMI increases, increasing amounts of n-6 fatty acids were present in the HM, and the AA/DHA+EPA ratio present in HM strongly correlated with maternal dietary FA composition.

Infant adipose deposition is predicted by AA/DHA+EPA ratios in established HM {#S18}
-----------------------------------------------------------------------------

Infant body composition assessed at 4-months postpartum was stratified by upper and lower AA/DHA+EPA ratio tertiles. The mean infant fat mass was significantly greater in the upper AA/DHA+EPA ratio tertile relative to the lower AA/DHA+EPA ratio tertile (*P* = 0.019), with no significant difference in fat-free mass ([Figure 4A](#F4){ref-type="fig"}). Conversely, when infant body composition is grouped by maternal prepregnancy BMI, no difference in 4-month infant fat mass is observed among groups ([Figure 4B](#F4){ref-type="fig"}). To test this observation, multivariable linear regression associated the AA/DHA+EPA FA ratio in either transitional or established HM with the postnatal change in infant adipose deposition (Δ-fat mass or Δ % body Fat) between 2-weeks and 4-months of age. The infant Δ-fat mass and the Δ-% body fat were significantly predicted by the AA/DHA+EPA ratio in established HM (*P* = 0.038 and *P* = 0.010), when controlling for GWG category, maternal prepregnancy BMI, infant sex, maternal use of fish oil supplements, birth weight, and breastfeeding exclusivity ([Figure 4C](#F4){ref-type="fig"}). The β estimates for each association of HM AA/DHA+EPA ratio and change in infant adiposity were positive (287 g fat mass, 4.7 %BF), indicating that the greater the AA/DHA+EPA ratio in HM the greater the gain in infant adipose deposition.

Discussion {#S19}
==========

Abundance of DHA in HM has been negatively associated with childhood %BF by DEXA (years 6--9), supporting potential sustained effects of HM n-3 PUFA on adipose programming^[@R44]^. In this well-characterized cohort of predominantly breastfed infants, our principle finding was that the upper tertile of HM AA/DHA+EPA ratio corresponds with greater infant fat mass, and this HM FA ratio predicts the amount of infant adipose deposition during the first 4-months of life. Specifically, our results indicate that every 1-unit increase in the HM AA/DHA+EPA ratio associates with a 287 g fat mass or 4.7 %BF increase ([Figure 4C](#F4){ref-type="fig"}). No significant associations were observed for changes in total infant weight or fat-free mass (not shown), indicating increases in AA/DHA+EPA ratio may specifically affect the adipose. This finding is consistent with preterm infants who consumed DHA enriched formula and had less total and central fat deposition at 1 and 2 years of age^[@R45]^, implying lasting effects on adipose programming due to low n-6/n-3 FA exposures. It is worth noting that all infants in our study had normal growth patterns, and %BF was well within the normal PEA POD range at both 2-weeks and 4-months^[@R5]^, indicating the HM n-6/n-3 levels we observed resulted in normal adipose deposition. Nevertheless, studies will address whether increased adipose deposition following elevated n-6/n-3 FA exposures might persist or have clinical relevance to later childhood obesity risk. Collectively, our results demonstrate a high HM AA/DHA+EPA ratio is associated with adipose deposition through 4-months of life, supporting the hypothesis that HM n-6/n-3 FA ratios may facilitate adipose expansion when infants typically double their %BF.

The composition of HM directly influences infant growth, development, and health in numerous ways, and the FA constituents of HM are known to change by maternal BMI and diet^[@R18]^. Our data indicate maternal obesity affects transitional and established HM composition. The absolute amount of DHA present in the transitional HM of OB mothers was 43% less per mole of TAG relative to NW and OW groups (*P* = 0.07); this pattern persisted in established HM, where DHA in the OB group was significantly decreased 65% of the NW group ([Figure 1D](#F1){ref-type="fig"}). The significant loss of HM DHA in the OB group was not observed in the RBC composition ([Figure 2](#F2){ref-type="fig"}), suggesting that mammary metabolism, not supply of long-chain PUFA, might influence DHA processing or synthesis. Indeed, DHA synthesis requires seven sequential enzymes and two subcellular compartments, while AA synthesis requires only three steps. Further, MCFA that are synthesized *de novo* exclusively by the mammary epithelium^[@R46]^ were significantly lower in the OB group HM in transitional HM relative to the NW and OW groups. We have observed suppressed MCFA in diet-induced obese mice, in which maternal obesity leads to milk with lower amounts of *de novo*-derived lipids^[@R47],\ [@R48]^. Based on our findings here, and previous lactation studies in diet-induced obese mice, we conclude that maternal obesity influences the long-chain PUFA and MCFA amounts in HM.

We observed a robust correlation between HM n-6/n-3 FA ratios and n-6/n-3 FA ratios in maternal RBC that provide a consistent biomarker of maternal dietary FA intake over the preceding 90 days^[@R43],\ [@R49]^. The strong relationship between maternal dietary fat composition and HM FA composition was particularly evident for the AA/DHA+EPA ratio ([Figure 3C](#F3){ref-type="fig"}), which significantly associated with measures of infant adipose deposition ([Figure 4C](#F4){ref-type="fig"}). This observation is consistent with findings that HM n-6/n-3 ratios correlate with maternal EPA and DHA intake in the second and third trimesters and during lactation^[@R50]^, and that maternal consumption of DHA enriches levels in the infant during gestation and lactation^[@R51],\ [@R52]^. Interestingly, the relationship between maternal diet and prepregnancy BMI n-6/n-3 FA ratios was not significant at 4-months postpartum ([Figure 1B](#F1){ref-type="fig"} and Supplemental Figure 1B), suggesting that the AA/DHA+EPA ratio in established HM is reflective of maternal adipose. Together, maternal DHA intake (from diet and/or supplements), likely lowers the HM AA/DHA+EPA FA ratio, which could offset influences driven by maternal phenotype to potentially protect infants against childhood obesity risk.

A major strength of this study was the longitudinal experimental design, which permitted assessment of the relationships with infant growth between an early and later postpartum time point. Other strengths include a cohort of healthy and predominantly breastfeeding mother/infant dyads with a large range of maternal BMIs, use of a well-established biomarker of maternal dietary FA intake (maternal RBC), controlled HM sampling procedures, and measures of infant body composition using PEA POD technology that has been validated to measure infant %BF^[@R53],\ [@R54]^. We devised methods for HM analyses designed to equally load the amount of TAG into lipid GC/MS, and absolute quantification for each FA species relative to its stable isotope reference standard^[@R35],\ [@R36]^. This study is limited by its relatively small sample size and lack of measures of HM volume intake, which would be necessary to calculate true n-6 and n-3 FA "dosages" delivered. Furthermore, we have no measures of body fat distribution or intrahepatic fat deposition, which may be affected by high n-6 FAs and could be critical for later risk of obesity and metabolic disease, but would necessitate MRI spectroscopy^[@R55]^. Additional limitations include the lack of follow-up data beyond 4 months when childhood obesity risk may become evident; the lack of inclusion of other factors in HM that have bioactive properties such as hormones or oligosaccharides; and the lack of information on the infant microbiome.

Cumulatively, excessive adipose tissue expansion and maladaptive programming are hallmarks of adult obesity that may be affected by early life nutritional cues. This study establishes that a high HM AA/DHA+EPA FA ratio may promote infant adipogenesis and highlights the need for additional HM and infant growth research to characterize early markers of risk associated with childhood obesity. Modeling early life nutritional exposures in the animal may provide detailed understanding of adipose tissue programming that occurs during the expansion of infant adipose.
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![Triglyceride and fatty acid composition of transitional and established human milk\
(A) In transitional milk TAG was not different by maternal prepregnancy BMI group, but in established HM the OW group had significantly greater TAG than did the NW and OB groups (*P* = 0.048 and 0.01). (B) The ratio of AA/DHA+EPA was significantly greater in OW and OB groups compared to NW (*P* = 0.03 and 0.04) in transitional HM, and in established HM the AA/DHA+EPA ratio in the OB group 41% greater than the NW group (*P* = 0.02). (C) The absolute amount of AA (20:4 n-6) present in transitional HM was 30--33% greater in the OW group in the NW and OB groups (*P* ≤ 0.01), but unchanged among groups in established HM. (D). The absolute DHA amount was decreased by 43% in the OB group relative to the NW group in transitional HM (*P* = 0.008), and in established HM the DHA amount was 65% less than in the NW group (*P* = 0.005). (E) EPA tended to be lower in the OW and OB groups in both transitional and established HM. (F) The MCFA in transitional HM was 36% greater in the OW group but 26% lower than the NW group (*P* = 0.035 and 0.005, respectively). MCFA, medium chain fatty acids; TAG, triglyceride; NW, normal weight n = 26; OW, overweight n = 12; OB, obese n = 10.](nihms827237f1){#F1}

![Maternal red blood cell membrane fatty acids at 2-weeks and 4-months postpartum\
At 2-weeks postpartum, the AA/DHA+EPA ratio observed in maternal RBCs of the OB group was 37% greater than in the NW group (*P* = 0.007), and the absolute amount of AA was 21% more in the OW group compared to the NW group (*P* = 0.031). The absolute amounts of DHA and EPA in the maternal RBC at 2-weeks postpartum were not significantly among maternal BMI groups. At 4-months postpartum, only the EPA amount was decreased in the OB group relative to the NW group (*P* = 0.04). NW, normal weight n = 16; OW, overweight n = 10; OB, obese n = 6.](nihms827237f2){#F2}

![Pearson correlations between maternal prepregnancy BMI and HM or maternal RBC membrane FA composition\
(A) Maternal prepregnancy BMI was significantly and positively correlated with transitional and established HM AA/EPA+DHA ratio (*P* = 0.018 and *P* = 0.001). (B) Maternal prepregnancy BMI was positively correlated with maternal RBC AA/EPA+DHA ratio at both 2-weeks (*P* = 0.004, n=48) but not at 4-months (n=40). **D--E:** Correlations between maternal prepregnancy BMI and maternal RBC FA composition. (C) The AA/EPA+DHA FA ratio in HM was highly correlated with the FA composition in RBCs at 2-weeks (*P* = 0.0001, n=32) and 4-months (*P* = 0.0001, n=26). Solid lines indicate slope and dashed lines indicate 95% CI.](nihms827237f3){#F3}

![Infant body composition at 4-months of age is predicted by the AA/DHA+EPA ratio in human milk\
(A) Infant fat mass, fat-free mass, and total mass at 4-months of age were stratified by upper (n = 14) and lower tertile (n = 11) of established HM AA/DHA+EPA ratios. Infant fat mass, but not fat-free mass, was significantly greater in the upper AA/DHA+EPA ratio tertile relative to the lower (*P* = 0.019). (B) No difference in infant fat mass was observed when grouped according to maternal prepregnancy BMI. (C) The postnatal change in infant adipose deposition (Δ-fat mass or Δ % body Fat) between 2-weeks and 4-months of age were significantly associated with the established HM A/DHA+EPA ratio (*P* = 0.038 and *P* = 0.010). The AA/DHA+EPA ratio in established HM predicted 287g or 4.7 %BF increases (β estimate) in infant adiposity for each 1-unit increase in ratio (n = 40).](nihms827237f4){#F4}

###### 

Characteristics of mothers, infants, and breastfeeding by maternal prepregnancy BMI group

  --------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
                                                                All\           Normal weight\                              Overweight\                                  Obese\
                                                                (*n* = 48)     (*n* = 26)                                  (*n* = 12)                                   (*n* = 10)
  ------------------------------------------------------------- -------------- ------------------------------------------- -------------------------------------------- ----------------------------------------------
  Mothers                                                                                                                                                               

    Age, y                                                      30.5 ± 0.46    30.6 ± 0.5                                  30.6 ± 0.97                                  29.9 ± 1.45

    Prepregnancy BMI, kg/m^*2*^                                 25.3 ± 0.81    21.1 ± 0.4[a](#TFN2){ref-type="table-fn"}   27.1 ± 0.37[b](#TFN2){ref-type="table-fn"}   34.2 ± 0.91[c](#TFN2){ref-type="table-fn"}

     Vaginal delivery, %                                        75             80                                          58                                           80

    Parity                                                      2.45 ± 0.18    2.46 ± 0.3                                  2.4 ± 0.33                                   2.5 ± 0.37

    Gestational age, wk                                         39.91 ± 0.13   39.92 ± 0.14                                39.89 ± 0.39                                 39.92 ± 0.29

    Gestational weight gain, kg                                 14.5 ± 1.8     14.3 ± 0.9                                  16.7 ± 1.8                                   12.5 ± 2.4

    Fish oil supplementation, %                                 26             35                                          17                                           10

  Infants                                                                                                                                                               

    Birth weight, g                                             3362 ± 67      3147 ± 73[a](#TFN2){ref-type="table-fn"}    3576 ± 129[b](#TFN2){ref-type="table-fn"}    3665 ± 144[b](#TFN2){ref-type="table-fn"}

    Infant sex, % M                                             60             46[a](#TFN2){ref-type="table-fn"}           83[b](#TFN2){ref-type="table-fn"}            70[b](#TFN2){ref-type="table-fn"}

    2-week weight, g[1](#TFN3){ref-type="table-fn"}             3665 ± 68      3509 ± 85[a](#TFN2){ref-type="table-fn"}    3938 ± 128[b](#TFN2){ref-type="table-fn"}    3744 ± 145[a, b](#TFN2){ref-type="table-fn"}

    2-week fat, %[1](#TFN3){ref-type="table-fn"}                11.1 ± 0.61    10.8 ± 0.86                                 12.2 ± 1.14                                  10.6 ± 1.22

    4-month weight, g[1](#TFN3){ref-type="table-fn"}            6482 ± 114     6174 ± 181[a](#TFN2){ref-type="table-fn"}   7195 ± 227[b](#TFN2){ref-type="table-fn"}    6426 ± 218[a](#TFN2){ref-type="table-fn"}

    4-month fat, %[1](#TFN3){ref-type="table-fn"}               22.9 ± 0.7     23.2 ± 0.8                                  24.1 ± 1.1                                   21.1 ± 2.0

    2-wk to 4-mth Δ Weight (g)[1](#TFN3){ref-type="table-fn"}   2817.1         2665.7[a](#TFN2){ref-type="table-fn"}       3257.7[b](#TFN2){ref-type="table-fn"}        2682.4[a](#TFN2){ref-type="table-fn"}

  Breastfeeding                                                                                                                                                         

    2-week exclusivity[2](#TFN4){ref-type="table-fn"}           0.99 ± 0.01    0.99 ± 0.01                                 0.98 ± 0.02                                  0.99 ± 0.01

    4-month exclusivity[2](#TFN4){ref-type="table-fn"}          0.83 ± 0.05    0.92 ± 0.04                                 0.75 ± 0.13                                  0.69 ± 0.15
  --------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Results from one-way ANOVA with Tukey multiple testing correction presented as means ± SEMs unless otherwise noted.

Different superscript letters within a row indicate means are significantly different at *P* ≤ 0.05.

Controlling for infant sex

Breastfeeding exclusivity score of 1.0 = 100% exclusive
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